(19) 



Europalsches Patentamt 
European Patent Oltlce 
Office europeen des brevets 



(12) 



(ID EP 0 961 317 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel.*: H01L 21/56, H01L 23/31, 




01.12.1999 Bulletin 1999/48 


H01L 23/498 


(21) 


Application number: 99480028.2 




(22) 


Date of filing: 17.05.1999 




(84) 


Designated Contracting States: 


(72) Inventor: Briar, John 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Singapore (SG) 




MC NL PT SE 






Designated Extension States: 


(74) Representative: Schulfenecker, Thierry 




AL LT LV NIK RO SI 


97, chemin de Cassfopee, 
Do ma in e de I'etoile 


(30) 


Priority: 18.05.1998 US 80106 


06610 La Gaude(FR) 


(71) 


Applicant: ST Assembly Test Services Limited 
Singapore 769442 (SG) 





(54) A method of encapsulating an electronic component 



(57) A substrate and method of encapsulating a 
substrate based electronic package using injection 
molding and a two piece mold is described. The sub- 
strate has a barrier material formed on a gating region 
of the substrate. The barrier material can be formed di- 
rectly over circuit wiring traces formed on the substrate 
thereby avoiding restrictions on the location of circuit 



wiring traces. The barrier material and encapsulant are 
chosen such that the adhesive force between the barrier 
material and the encapsulant is greater than the adhe- 
sive force between the barrier material and the sub- 
strate. When the mold runner is broken away the barrier 
material is also peeled away without damage to the sub- 
strate or circuit wiring traces. 
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Description 

Technical field of the invention 

[0001] This invention relates to encapsulation of sub- 
strate based electronic packages using injection mold- 
ing with a two piece mold and more particularly to the 
use of a barrier material formed over the gating area of 
the substrate which is later peeled away and discarded. 

Background art 

[0002] Injection molding using a two piece mold is of- 
ten used for encapsulation of electronic devices. This 
requires the lormation ot a gating area on the substrate 
surface for removal of the mold runner after the encap- 
sulation is complete and the encapsulant is cured. The 
gating area usually has a metal formed on the substrate 
such as palladium or gold. This places severe restric- 
tions on the routing of circuit traces formed on the sur- 
face of the substrate. 

[0003] U. S. Pat. No. 5,635,671 to Freyman et al. de- 
scribes a degating region having a material formed ther- 
eon chosen such that the material in the degating region 
forms a weak bond with the encapsulant used. Freyman 
et al. describe the used of degating material such as 
gold so that wiring traces must be routed away from the 
degating region. 

[0004] U.S. Pat. No. 5,311 ,402 to Kobayashi et al. de- 
scribes an integrated circuit chip bonded to a circuit 
board with a cap for hermetically sealing the chip. The 
cap is bonded to the circuit board at the edges of an 
open end thereof and bonded to the underside or bottom 
of the chip. 

[0005] U.S. Pat. No. 5,099,101 to Millerick et al. de- 
scribes an automatic laser trimming apparatus for sem- 
iconductor integrated chip packages which performs de- 
flashing and degating operations. 
[0006] U.S. Pat. No. 4,954,30B to Yabe et al. de- 
scribes a resin encapsulating method using upper and 
lower half molds. 

[0007] Electronic circuit packages typically comprise 
a substrate with one or more integrated circuit elements 
attached. Molded packages are often used for the en- 
capsulation of the integrated circuit element because 
they provide a reliable encapsulation at a reasonable 
cost. Fig. 1 shows a cross section view of such a pack- 
age. The package has a substrate 10 with an integrated 
circuit element 1 2 attached to the first surface 26 of the 
substrate 10. Circuit traces 18 on the first surface 26 of 
the substrate communicate with circuit traces 22 on the 
second surface 27 of the substrate using via connec- 
tions 20 through the substrate. Input/output balls 24 pro- 
vide ball grid array type input/output connections for the 
package. The input/output balls can be a material such 
as solder, solder coated copper, or the like. The connec- 
tions between the integrated circuit element 12 and the 
circuit traces 18 on the first surface 26 of the substrate 



10 are provided by wire bonds 16. 
[0008] The substrate based package is encapsulated 
with a molded encapsulant 14. in most cases the mold- 
ed encapsulant 14 is a molded plastic. In packages of 

5 this type the molded encapsulant is usually formed us- 
ing an injection molding process using a two piece mold. 
The two piece mold is preferred because of cost, but 
requires a gate region on the substrate as will be ex- 
plained with reference to Figs. 2-5. 

10 [0009] A cross section of a part of a two piece mold is 
shown in Fig. 2. The mold has an upper part 30, a lower 
part 28, a cavity 34 in the upper part 30 of the mold and 
a recess 29 in the lower part 28 of the mold. The sub- 
strate 10 with the integrated circuit element 26 attached 

is fits into the recess 29 of the lower part 28 of the mold. 
As can be seen in Fig. 2, the input/output balls have not 
been formed on the substrate at this point in the 
processing. A mold runner channel 32 is formed in the 
upper part of the mold 30 and forms a path for the un- 

20 cured encapsulant to flow into the cavity 34 in the upper 
part 30 of the mold. Fig. 3 is a plan view of the upper 
part 30 of the mold, taken along line 3-3' of Fig. 2, show- 
ing the cavity 34 and the mold runner channel 32. 
[001 0] During the encapsulation process uncured en- 

25 capsulant is forced to flow from a source, not shown, 
through the mold runner channel 32 into the cavity 34, 
thereby filling the cavity. When the encapsulant is cured, 
encapsulant in the mold runner channel is also cured 
forming a mold runner 33, as shown in Fig. 4. This mold 

30 runner 33 must be removed after the encapsulant has 
cured. To accomplish the removal of the mold runner 33 
a degating region 36 is typically formed on the first sur- 
face 26 of the substrate 10 at the substrate location 
which will be directly under the mold runner channel 32, 

35 see Figs. 2 and 4. The degating region is formed of a 
material chosen that the adhesive force between the en- 
capsulant and the degating region material is less than 
the adhesive force between the encapsulant and the 
substrate. The degating region material is usually a met- 

40 al such as gold or palladium. 

[0011] With degating regions formed in this manner 
the circuit traces 18 on the first surface of the substrate 
and vias 20 between the first surface and second sur- 
face of the substrate must be routed to avoid the degat- 

45 ing region 36, as shown in Fig. 5. The dashed lines in 
Fig. 5 show the location of the mold runner channel 32 
and the perimeter 35 of the cavity. Degating regions of 
this type consume valuable surface area on the first sur- 
face of the substrate which could be used for circuit trac- 

50 es of vias. In addition mold compound material normally 
will flash outside the degating region and can cause 
problems. 

Summary of the invention 

55 

[001 2] It is a principle objective of this invention to pro- 
vide a method of encapsulation of substrate based elec- 
tronic devices using a gating region on a substrate which 
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can be formed directly over circuit tracing. 
[001 3] It is another principle objective of this invention 
to provide a substrate, for substrate based electronic de- 
vices, wherein the substrate uses a gating region on a 
substrate which can be formed directly over circuit trac- 
ing. 

[0014] These objectives are achieved by attaching a 
barrier material to the region of the substrate where the 
mold runner channel will be located when the package 
is encapsulated. The barrier material can be attached 
directly over circuit traces or via holes. The barrier ma- 
terial is chosen such that the adhesive force between 
the barrier material and the adhesive is less than the 
adhesive force of the cured encapsulant to the barrier 
material. After the encapsulation has been completed 
and the encapsulant cured the mold runner is removed 
thereby also removing the barrier material. 

Brief description of the drawings 

[0015] Fig. 1 shows a cross section view of an encap- 
sulated substrate based electronic package. 
[0016] Fig. 2 shows a cross section view of a two 
piece mold. 

[0017] Fig. 3 shows a plan view of the upper part of 
the two piece mold of Fig. 2 along line 3-3' of Fig. 2. 
[001 8] Fig. 4 shows a cross section view of a prior art 
encapsulated substrate based electronic package 
showing a mold runner and gating area. 
[001 9] Fig. 5 shows a top view of a prior art substrate 
showing a gating area with circuit traces routed away 
from the gating area. 

[0020] Fig. 6 shows a top view of a substrate of this 
invention showing a gating area with circuit traces rout- 
ed in the gating area under the barrier material. 
[0021] Fig. 7 shows a cross section view of a sub- 
strate of this invention after the encapsulant has been 
molded and cured showing barrier material formed in 
the gating area over the circuit traces and a mold runner 
over the barrier material. Fig. 7 is a section view of the 
encapsulated substrate of Fig. 8 taken along line 7-7' of 
Fig. 8. 

[0022] Fig. 8 shows a top view of the encapsulated 
substrate of Fig. 7 showing barrier material formed in 
the gating area over the circuit traces and a mold runner 
over the barrier material. 

[0023] Fig. 9 shows a top view of the encapsulated 
substrate of this invention after the mold runner and bar- 
rier material have been removed. 
[0024] Fig. 10 shows a cross section view of the en- 
capsulated substrate of Fig. 9 taken along line 19-10' of 
Fig. 9. 

Description ot the preferred embodiment© 

[0025] Refer now to Figs. 1 -3 and 6-10 for a descrip- 
tion of the preferred embodiments ot this invention. Fig. 
1 shows a cross section view of a substrate based elec- 



tronic package The package has a substrate 10 having 
a first surface 26 and a second surface 27. The sub- 
strate can be a laminate with interior wiring, not shown, 
and can be ceramic or other material. An integrated cir- 

5 curt element 1 2 is attached to the first surface 26 of the 
substrate 10. In this example one integrated circuit ele- 
ment is shown, however a number of integrated circuit 
elements can be attached to the substrate. Circuit traces 
18 on the first surface 26 of the substrate communicate 

to with circuit traces 22 on the second surface 27 of the 
substrate using via connections 20 through the sub- 
strate. In this example wire bonds 16 provide electrical 
connection between the circuit traces 18 and the inte- 
grated circuit element 12. 

'5 [0026] In this example input/output bails 24 provide 
ball grid array type input/output connections for the 
package, however other types of input/output connec- 
tions can be used. The input/output balls can be formed 
of conducting material such as copper, solder, solder 

20 coated copper, or the like. The package is encapsulated 
using a molded encapsulant 14 using a method which 
will now be explained. 

[0027] Fig. 6 shows a top surlace of a substrate which 
is to be used as part of the substrate based electronic 

25 circuit package. Circuit traces 1 7 and 1 8 and the tops of 
via connections 20 are shown on the surface of the sub- 
strate. A barrier material 38 is formed on the surlace of 
the substrate covering the gating area or that part of the 
substrate which will be under the mold runner channel 

so during the encapsulation step. The dotted lines 41 show 
the location which will be under the mold runner chan- 
nel. The barrier material 38 is placed directly over some 
of the circuit traces 17. The barrier material 3B is a ma- 
terial such as polyimide tape, high temperature plastic 

35 or similar material that is stable at high temperature and 
has a thickness of between about 0.025 and 0.080 mil- 
limeters. The barrier material and the encapsulant are 
chosen such that the adhesive force between the barrier 
material and the encapsulant is at least 1 5 times greater 

40 than the adhesive force between the barrier material 
and the substrate. An integrated circuit element 12 is 
attached to the surface of the substrate 10 and the in- 
tegrated circuit element is connected to the circuit traces 
using wire bonds 16. 

45 [0026] The substrate 10 with the integrated circuit el- 
ement 1 2 attached to the first surface 26 of the substrate 
10 is placed in the two piece mold, shown in Figs. 2 and 
3, for encapsulation. The substrate 10 is placed in the 
recess 29 formed in the lower part 2B of the mold. The 

50 upper part 30 of the mold has a cavity 34 which will mold 
the shape of the encapsulant. The location ol the cavity 
on the first surlace of the substrate is shown by a dashed 
line 42 in Fig. 6. The uncured encapsulant is injected 
into the cavity 34 of the upper part 30 of the mold through 

55 the mold runner channel 32, see Figs. 2 and 3. The mold 
runner channel 32 is directly over the gating area 36 of 
the substrate which has the barrier material 38 formed 
thereon, See Fig. 6. 
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[0029] Uncured encapsulant is then injected into the 
cavity 34 in the upper part 30 of the mold, leaving en- 
capsulant in the mold runner channel 32 and cured. The 
encapsulant can be an encapsulating mold compound 
material and is cured by time and temperature. As pre- 
viously indicated encapsulant and the barrier material 
are chosen such that the adhesive force between the 
barrier material and the encapsulant is at least 15 times 
greater than the adhesive force between the barrier ma- 
terial and the substrate. After curing the encapsulant the 
encapsulated package is removed from the mold. As 
shown in Fig. 7, the molded encapsulant 14 is formed 
on the substrate covering the integrated circuit element, 
not shown in Fig. 7, and leaving a mold runner 33 of 
encapsulant formed on the barrier material 38. 
[0030] Fig. 8 shows the top view of the substrate at 
this point of the processing showing the molded encap- 
sulant 14 and the mold runner 33 formed on the barrier 
material 38. As can be seen in Figs. 7 and 8 circuit trac- 
ings 17 can be routed directly under the barrier material 
38 and mold runner 33. Fig. 7 is a cross section view of 
Fig. 8 taken along line 7-7' of Fig. 8. Since the adhesive 
force between the barrier material and the encapsulant 
is greater than the adhesive force between the barrier 
material and the substrate the mold runner can be bro- 
ken away from the molded encapsulant 14 thereby peel- 
ing away the barrier material as well, as shown in Figs. 
9 and 10. 

[0031 ] Figs. 9 and 1 0 show the encapsu lated package 
with the mold runner and barrier material removed. Fig. 
9 shows the top view of the substrate and Fig. 9 a cross 
section view taken along line 10-10' of Fig. 9. 
[0032] The use of the barrier material of this invention 
makes it possible to form circuit traces in the gating area 
of the substrate since the circuit traces are protected by 
the barrier material. The use of the barrier material of 
this invention also allows the use of any existing sub- 
strate material or design that is available. Without the 
use of barrier material the location of the degating region 
on the substrate must match the design of the upper part 
of the mold. The use of the barrier material of this inven- 
tion avoids the need for a fixed location for a degating 
region on a substrate for a particular upper mold design 
and allows the use of different substrate designs without 
the need to redesign the upper part of the mold. 
[0033] While the invention has been particularly 
shown and described with reference to the preferred 
embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details 
may be made without departing from the spirit and 
scope of the invention. 



Claims 

1. A method of encapsulating a substrate based elec- 
tronic package, comprising the steps of: 



providing a substrate having a first surface and 
a second surface, wherein said first surface has 
a device region and a gate region, said gate re- 
gion being externa! to said device region; 

s 

providing conductive traces formed on said first 
surface of said substrate; 

providing a first number of electronic devices 
10 attached to said first surface of said substrate 

within said device region of said substrate; 

providing electrical connections between said 
electronic devices and said conductive traces; 

15 

providing input/output connections formed on 
said substrate; 

providing electrical connections between said 
20 conductive traces and said input/output con- 

nections; 

attaching a barrier material to said gate region 
of said substrate; 

25 

forming encapsulation material over said de- 
vice region of said substrate, thereby covering 
said first number of electronic devices, and a 
part of said barrier material attached to said 

30 gate region of said substrate, wherein said bar- 

rier material and said encapsulation material 
are chosen so that the adhesion of said barrier 
material to said substrate is less than the ad- 
hesion of said barrier material to said e neaps u- 

35 lation material; 

curing said encapsulation material; and 

removing that part of said encapsulation mate- 
40 hat formed on said barrier material and said 

barrier material from said substrate. 

2. The method of claim 1 wherein said input/output 
connections comprise a ball grid array formed on 

45 said second surface of said substrate. 

3. The method of claim 1 wherein some of said con- 
ductive traces are formed in said gate region of said 
first surface of said substrate. 

50 

4. The method of claim 1 wherein said electrical con- 
nections between said electronic devices and said 
conductive traces comprise wire bonds. 

55 5. The method of claim 1 wherein said barrier material 
is polyimide tape or high temperature plastic. 

6. The method of claim 1 wherein said encapsulation 
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material is an encapsulating mold compound. 

7. The method of claim I wherein said part ot said en- 
capsulation material lormed on said barrier material 
is a mold runner. 

B. The method of claim 1 wherein said forming encap- 
sulation material over said device region of said 
substrate comprises injection molding using a two 
piece mold.. 

9. A disposable mold runner gate, comprising: 

a substrate having a first surface and a second 
surface, wherein said first surface has a device 
region and a gate region, said gate region being 
external to said device region; 



10 



15 



in said gate region of said first surface ot said sub- 
strate. 

12. The encapsulated electronic package of claim 9 
wherein said electrical connections between said 
electronic devices and said conductive traces com- 
prise wire bonds. 

13. The encapsulated electronic package of claim 9 
wherein said barrier material is polyimide tape or 
high temperature plastic. 

14. The encapsulated electronic package of claim 9 
wherein said encapsulation material is an encapsu- 
lating mold compound. 



conductive traces formed on said first surface 
of said substrate; 



20 



a first number of electronic devices, such as in- 
tegrated circuit elements, attached to said first 
surface of said substrate within said device re- 
gion of said substrate; 



25 



electrical connections between said electronic 
devices and said conductive traces; . 



input/output connections formed on said sub- 
strate; 



30 



electrical connections between said conductive 
traces and said input/output connections; 

barrier material attached to said gate region of 
said substrate, 

encapsulation material formed over a part of 
said barrier material attached to said gate re- 
gion of said substrate, thereby forming a mold 
runner, wherein said barrier materia! and said 
encapsulation material are chosen so that the 
adhesion of said barrier material to said sub- 
strate is less than the adhesion of said barrier 
material to said encapsulation material; and 

a cover of said encapsulation material formed 
over said device region of said substrate cov- 
ering said first number of electronic devices. 



10. The encapsulated electronic package of claim 9 
wherein said input/output connections comprise a 
ball grid array formed on said second surface of said 
substrate. 



55 



11. The encapsulated electronic package of claim 9 
wherein some of said conductive traces are formed 



5 



EP 0 961 317 A2 



18 16 14 12 16 18 




22 24 24 27 26 10 24 24 22 



FIG. 7- Prior Art 
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FIG. 2 - Prior Art 
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FIG. 3 — Prior Art 
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FIG. 4 - Prior Art 



18 18 




FIG. 5 



— Prior Art 



EP0 961 317 A2 



20 20 17 42 20 




16 16 16 16 16 



FIG. 6 



33 18 18 18 



38 
1 7 



Jf 




22 24 1 7 24 22 22 24 



FIG. 7 
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FIG. 8 
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FIG. 9 
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